Promoter-dependent transcription by RNA polymerase II using immobilized enzyme complexes.
DNA fragments containing the adenovirus 2 major late or simian virus 40 early promoters were attached to a solid support via a biotin-streptavidin linkage at one end of the fragment, upstream of the RNA start site. Templates immobilized in this manner were incubated with HeLa cell nuclear extracts to form preinitiation complexes containing RNA polymerase II and accessory proteins required for faithful in vitro transcription. These complexes did not require ATP or dATP for assembly, were sensitive to 0.25% Sarkosyl, and were stable to extensive washing. Their incubation with specific combinations of nucleoside triphosphates resulted in the initiation of RNA chain polymerization in situ, while addition of the remaining nucleoside triphosphates was necessary to produce a full length runoff RNA. Transcriptional activity associated with preinitiation complexes was purified approximately 300-fold, relative to the unfractionated nuclear extract. The use of immobilized template permits considerable flexibility in experimental design, as substrates and inhibitors can be added and washed out of the reaction at each step. We exploited this property of the system to dissect the temporal substrate requirements for initiation of RNA synthesis. It is known from prior work that at least one step in the promoter-dependent RNA synthesis reaction requires an adenosine nucleotide that is hydrolyzable at the beta, gamma-position. This requirement is independent of the initiating nucleotide and can be satisfied by dATP, which is not ordinarily incorporated into the RNA product. We show here that the beta, gamma-hydrolyzable adenosine nucleotide must be present simultaneously with the initiating nucleoside triphosphates. No reaction occurred when complexes were incubated with dATP, washed to remove dATP, and incubated subsequently with the two initiating nucleotides.